Abstract. The combination of growth and preferential attachment is responsible for the power-law distribution of vertices" degree in random networks; however there are many kinds of growing ways of real networks. Based on preferential attachment and exponential growth, the paper presents the analytical results which the vertices" degree of scale-free network follows power-law distribution
Introduction
Recently, there has been a considerable interest in the growth properties of random networks, such as WWW, the electrical distribution system and social networks. These networks all have very different physical forms, with different definition for their nodes and links. However, they appear to display considerable topological similarity, have connectivity distributions which behave as power law [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Models of growing random networks were first introduced by Barabá si and Albert (B&A) [1] [2] [3] . In B&Amodel, network grows by addition of new nodes and new vertices preferentially attach to highly connected nodes. All vertices increase their degree following a power-law time dependence with the same dynamic exponent, 1 2 kt . So networks can self-organize into a scale free state. As a consequence, the oldest vertices have the highest number of links, since they had the longest lifetime to accumulate them.
A common characteristic of many large complex networks is that the connective degree distribution of vertices follows power law [1] [2] [3] [4] [5] [6] [7] [8] . The connective probability P(k) that a vertex in the network is connected to k other vertices decays as a power law, following P(k)~k-r [1] [2] [3] [4] [5] . B&A present the power law with r=3 using mean-field theory [1] . They demonstrated that the combination of growth and preferential attachment is ultimately responsible for the scale-free distribution and power-law scaling. The growth in B&A model is that the network begins from a few vertices (m0) and a new vertex with m edges (m≤m0) is added to the network at each step time. So it is uniform growth.
However, many studies on real networks demonstrate that the power-law distribution of vertex degree in many scale-free network is not the only one whose r=3 (see Tab.1) [4] [5] . The exponent of power law distribution always satisfies 23 r . We consider that different network has different speed of evolution.
Some events take place randomly and have certain independence, such as, the coming of telephone call in telephone network, the appearing of new page in WWW, etc. The interval time between two events is not equal to other. So, exponential distribution which followed by the interval time between two vertices is a suitable method which describes the random phenomena. [6] . After given a fixed size M of local world, the M vertices are selected randomly from the existing network firstly, and the new vertex attached preferentially to m vertices which are selected the M vertices of local world. Extremely, the "local world" of B&A model is the whole network.
In the paper, we will give the effect of network evolution speed β on power-law exponent based on mean-field theory. At the same time, the dynamic local world will comes from exponential growth of network, whose size is in direct proportion to the size of whole network.
Exponential Growth and Preferential Attachment
The model of B&A demonstrates the effect of growth and preferential attachment on power-law distribution [1, 4, 5] . The vertex is added to network at the same interval time in B&A model, and the probability that a new vertex will be connected to vertex i depends on the connectivity ki of that vertex.
Here, we change the vertex growing interval time from unchanged to following exponential distribution, and keep the preferential attachment. The new model is as following:
(1) Exponential growth: starting with a small number (n0) of vertices and a small number (m0) of edges. In interval time t a new vertex with m (m≤n0) edges is added the network. The m edges will be connected to the vertices already present in the network. The interval time t follows exponential distribution with parameter β.
(2) Preferential attachment: when choosing the vertices to which the new vertex connects, we assume that the probability i k that a new vertex will be connected to vertex i depends on the connectivity i k of that vertex, such that
Because the interval time t at which each vertex appears follows the exponential distribution 
We calculate analytically the probability pk using mean-field theory, so that the scaling exponent r could be determined exactly.
Assumed that k is continuous, we can write for a vertex i 
The initial condition of equation (4) is that vertex i was added to the network at time 
The exponent 1 2 is bounded, i.e. ). So the parameter satisfies 0.5 (6) From inequation (2) and (6), we can obtain that 0.5 1
The probability that a vertex has a connectivity i kt, i P k t k , can be written as
Because of the assumption of network growth, the probability density of
So we can obtain that
The probability density for pk can be obtained using 
The exponent of power-law distribution is 21 r , where 0.5
1 . So we can obtain that 23 r .
Exponential Growth But Non-preferential Attachment
B&A study two compare models respectively: model A with uniform growth but non-preferential attachment, model B with preferential attachment but no-growing [1] . For testing and verifying the effect of exponential growth on network, we also present the analytical result of the model with exponential growth but non-preferential attachment.
The assumption for model with exponential growth but non-preferential attachment is as following: (I) Exponential growth: starting with a small number (n0) of vertices and a small number (m0) of edges. In interval time t a new vertex with m (m≤n0) edges is added the network. The m edges will be connected to the vertices already present in the network. The interval time t follows exponential distribution with parameter β.
(II) Uniform attachment: we assume that the new vertex connects with equal probability to the vertices already exist in the network. At the moment t, there are t vertices which have been added to network averagely. So, 
At the interval time t , km then Am . The initial condition of equation (13) is that vertex i was added to the network at time 
The probability that a vertex has a connectivity i kt smaller thank , 
Calculating the derivative of the former equation, we can obtain that the probability density for Pk is as following The result is same to the result of B&A [1] , but the coefficient is enriched. Seemly, the characteristic connectivity of the model is * km . The model indicates that if there does not exist preferential attachment, the scale-free feature about power-law distribution of B&A model does not appear.
Conclusion
In order to test and verify the effect of parameter on power-law exponent r , we simulate the process of network evolution using computer. The result of simulation is denoted by Fig 1. The exponential number satisfies 0.7 and the slope of the dashed line is 2.4 r . The similar figure can also be found in the paper [6] . The result of simulation also demonstrates that the scale of local world to which the new vertex preferentially connected is varied dynamically. The size of local world is in direct proportion to the size of network. In fact, network does not evolve according to the fix size of local world in advance.
